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NOVEL CRYSTALUNE FORMS OF ZIPRASIDONE HYDROCHLORIDE 

FIELD OF THE INVENTiON 

5 The present invention provides novel crysialiine forms of ziprasidone 

hydrochloride monohydrate, processes for their preparation and phamnaceutical 
compositions containing them. 

BACKGROUND OF THE INVENTION 

10 

Ziprasidone of formula (1) : 




or 5-[2-[4-(l ,2-B6n,zisQthiazok3-yl)"1 -pipera2lnyl]ethyl]-6-Ghloro-1 ,3-dihydro-2H- 
indol-2-one and its salts are antipsychotic agents. Ziprasidone liydrochloride and 
15 related compounds and tiieir therapeutic uses are disclosed in US 4,B31 ,031 , 

The crystalline forms of ziprasidone mesylate were reported in WO 
87/42190, V/0 97/42181. 

It has now been discovered that ziprasidone hydrochloride monohydrate 
can be prepared in three stable crystalline forms having good dissolution 
20 Characteristics. 

The object of the present invention is to provide stable novel crystalline 
forms of ziprasidone hydrochloride monohydrate, processes for preparing these 
fomis and pharmaceutical compositions containing them. 

25 DETAILED DESCRIPTION OF THE INVENTION 



In accordance with the present invention, there is provided a novel 
crystalline fonn of ziprasidone hydrochloride monohydrate, designated as form I, 



t. 
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characterized by an x-ray powder diffraction spectrum having peaks expressed 
as 26 at about 10.9, 13.9. 15.9, 16.4, 17.5, 19.2, 20.6, 21.3, 21.9, 24.2, 24.7, 
24.9, 25.7, 25.9 and 28.9 degrees. Figure 1 shows typical form I x-ray powder 
diffraction spjectrum. 

5 !n accordance with the present invention, a process [s provided for 

preparation of ziprasidone hydrocWorlde monohydrate form I. Thus, a mixture of 
ziprasidone free base, hydrochloric acid and water is heated to about 45°C to 
100^; and ziprasidone hydrochloride monohydrate fonni I is isolated by filtration 
or centrifugation. Preferably, the nnixture of ziprasidone free base, hydrochloric 

10 add and water la heated to about 55°C to 65''C; and ziprasidone hydrochloride 
monohydrate form I is isolated by filtration oroentrifugation. 

In accordance with the present invention, there Is provided a novel 
crystalline form of ziprasidone hydrochloride monohydrate, designated as form 

II, characterized by an x-ray powder diffraction spectrum having peaks 

15 expressed as 26 at about 10.9, 1 1 .3, 1 6.1 , 1 9.5, 21 .9, 23.7, 24.4, 24.8 and 26.2 
degrees. Figure 2 shows typical form II x-ray powder diffraction spectrum. 

In accordance with the present invention, a process is provided for 
preparation of ziprasidone hydrochloride monohydrate form II. Thus, ziprasidone 
frsa base, an alcohol or a mixture of alcohols, dimeijhylformamide, a chlorinated 

20 solvent, hydrochloric acid and water are mixed to fonn a solution of ziprasidone 
hydrochloride; and the solvents are removed by the techniques such as vacuum 
drying, spray dr^fing, freeze drying and lyophilisation to form ziprasidone 
hydrochloride monohydrate form II. Water may be directly mixed or it may be 
mixed, for example, as an aqueous soluiion of hydrochloric acid. The alcohols 

25 are selected from the group consisting of methanol, ethanol, isopropyl alcohol, 
tert-butyl alcohol and n-butyl alcohol. The preferable alcohols are methanol and 
ethanol. The chlorinated solvents are selected from the group consisting of 
methylene dichloride, chloroform, carbon tetrachloride and ethylene dichloride. 
The preferable ester solvents are chloroform and methylene dichloride. 

30 In accordance with the present invention, there is provided a novel 

crystalline form of ziprasidone hydrochloride monohydrate, designated as form 

III, characterized by an x-ray powder diffraction spectrum having peaks 
expressed as 28 at about 10.9, 14.8, 15.9, 18.1, 19.5, 21.8, 24.3, 24.9, 25.9 and 
26.5 degrees. Figure 3 shows typical forni III x-ray powder diffraction spectrum. 
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tn accordance with the present invention, a process is provided for 
preparation of ziprasidone hydrochloride monohydrate fonm III. Thus a'prasidone 
free base, an ether solvent or a mixture of ether soivents, dimethylformamide, 
hydrochloric acid and water are mixed to fonn a solution of ziprasidone 
3 hydrochloride; and ziprasidone hydrochloride monohydrate forni III is isolated 
from the solution. Water may be directly mixed or it may be mixed, for example, 
as an aqueous solution of hydrochloric acid. The ether solvents are selected 
from the group consisting of diethyl ether, dllsopropyl ether and tert-butyi methyl 
ether. The preferable ether solvent Is diethyl ether. 

10 Ziprasidone free base used in the above processes can be obtained from 

the previously known methods. 

In accordance with the present invention, there is provided a 
pharmaceutical composition comprising a crystalline fom» of ziprasidone 
hydrochloride monohydrate and pharmaceutically acceptable carrier or diluent. 

15 The crystalline form includes form I, form II or form III. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a x-ray powder diffraction spectrum of ziprasidone hydrochloride 
monohydrate form i. 

20 Figure 2 is a x-ray powder diffraction spectrum of ziprasidone hydrochloride 
monohydrate form II. 

Figure 3 la a x-ray powder diffraction spectrum of ziprasidone hydrochloride 
monohydrate form III. 

x-Ray powder diffraction spectmm was measured on a Siemens D5000 x- 
25 ray powder diffractometer having a copper-Ka radiation. 

The following examples further illustrate the present invention. 

Examine 1 

30 Ziprasidone free base (10 gm), cone, hydrochloric acid (10 ml) and water 

(150 ml) are mixed and the reaction mass is heated to 60°C and stinred for A 
hours at 60^*0 io es^C. The contents are cooled to 25'*C, filtered, washed with 
water and dried to give 10 gm of ziprasidone hydrochloride monohydrate form I. 

Example 2 
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Ziprasidone free base (2.5 gm), methanol (100 ml), dimethylformamide 
(100 ml), chloroform (25 ml) and cone, hydrochloric acid (1.5 ml) are mixed at 
as^'C. The conients are heated to 60°C and stirred for 10 minutes at 60°C to 
65°C and the clear solution thus obtained is subjected to vacuum drying at TfC 
5 for 40 hours to give ziprasidone hydrochloride monohydrate form II in near 
quantitative yield. 

Example 3 

Ziprasidone free base (3,0 gm), methanol (120 ml), dimethylformamide 
(100 ml), chloroform (30 ml) and cone, hydrochiorfc acid (1.5 ml) are mixed at 
10 2^C, The contents are heated to eo"C and stirred for 10 minutes at eO'C to 
eS^C and the clear solution thus obtained is subjected to spray drying to give 
ziprasidone hydrochloride monohydrate fomn II. 

Example 4 

IS Ziprasidone free base(5.0 gm) is added to diethyl ether (SO mi) and 

heated to reflux temperature. Then dimethylformamide (145 ml) is added and 
the contents are stirred for 2 hours under reflux. Tlien cone, hydrochloric acid 
(2.5 ml) and water (3 ml) ars added, and the solution is cooled to 25°C. The 
separated crystals are fUtered to give 3.5 gm of ziprasidone hydrochloride 

20 monohydrate form III. 
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We Claim: 

1. A crystalline ziprasidone hydrochloride monohydrate form !, characterized by 
an x-ray powder diffraction spectrum having peaks expressed as 26 at about 

5 10.9, 13.9, 15.9, 16.4, 17.5, 19.2, 20.6, 21.3, 21.9, 24.2, 24.7, 24.9, 25.7, 
25.9 and 28.9 degrees. 

2. A crystalline ziprasidone hydrochloride monohydrate form I, further 
characterized by an x-ray powder diffraction spectrum as in figure 1 . 

3. A process for preparation of ziprasidone hydrochloride monohydrate form I 
10 as defined in claim 1 , which comprises the steps of: 

a) mixing ziprasidone free base, hydrochloric acid and water; 

b) heating to about 45*'C to 100*^0; and 

c) isolating ziprasidone hydrochloride monohydrate form I by filtration or 
centrifugation. 

15 4. A process according to daim 3, wherein the reaction mass is heated to 

about 60"Cto65°C in (b). 
5. A crystalline ziprasidone hydrochloride monohydrate form II, characterized 

by an x-ray powder diffraction spectrum having peaks expressed as 29 at 

about 10.9, 11.3, 18.1, 19.5, 21.9, 23.7, 24.4, 24.8 and 26.2 degrees. 
20 6. A crystalline ziprasidone hydrochloride monohydrate form II as defined in 

claim 5, further characterized by an x-ray powder diffraction spectrum as in 

figure 2. 

7. A process for preparation of ziprasidone hydrochloride monohydrate form II 

as defined in daim 5, which comprises the steps of; 
25 a) mixing ziprasidone free base, an alcohol or a mixture of alcohols, 

dimethylformamide, a chlorinated solvent, hydrochloric acid and water to 

form a ziprasidone hydrochloride solution; and 
b) removing the solvents from the solution; 

wherein the alcohol is selected from the group consisting of methanol, ethanol, 
30 isopropyl alcohol, tert-butyl alcohol and n-bulyl alcohol; and the chlorinated 
solvent is selected from the group consisting of methylene dichloride, 
chloroform, carbon tetrachloride and ethylene dichloride. 
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3. A process according to claim 7, wherein the solvents are removed by the 
techniques such as vacuum drying, spray drying, freeze drying and 
lyophilization. 

9. A process acconJlng to claim 7, wherein the alcohol Is methanol. 
5 10. A process according to claim 7, wherein the chlorinated solvent is 
chloroform. 

1 1. A crystalline ziprasidone hydrochloride monohydrate form III, characterized 
by an x-ray powder diffraction spectrum having peaks expressed as 2Q at 
about 10.9, 14.8, 15.9, 18.1, 19.5, 21.8, 24.3, 24.9, 25.9 and 26.5 degrees. 
10 12. A crystalline ziprasidone hydrochloride rnonohydrate form fll as defined in 
claim 1 1 , further characterfeed by an x-ray powder diffraction spectrum as in 
figure 3. 

. 13. A process for preparation of ziprasidone hydrochloride monohydrate form ill 
as defined in claim 11, which comprises the steps of: 
15 a) mixing ziprasidone free base, an ether solvent or a mixture of ether solvents, 
dlmethylformamlde, hydrochloric acid and water to fonm a ziprasidone 
hydrochloride solution; and 
b) isolating ziprasidone hydrochloride monohydrate form Ifi from the solution; 
wherein the eth@r solvent is selected from the group consisting of diethyl ^thsr, 
2U diisopropyl ether and tert-but^ methyl ether. 

1 4, A process according to claim 1 1 , wherein the ether solvent is diethyl ether. 

15. A pharmaceutical composHian comprising ziprasidone hydroGhloride 
monohydrate form I of claim 1 and a pharmacautically accsptaWe carrier or 
diluent. 

25 16. A pharmaceutical composition comprising ziprasidone hydrochloride 

monohydrate form 11 of datm 5 and a pharmaceutically acceptable carrier or 
diluent. 

17. A pharmaceutical composition comprising ziprasidone hydrochloride 
monohydrate form III of claim 1 1 and a pharmaceutically acceptable carrier 
30 or diluent. 
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